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ABSTRACT: Human CPD-collected red blood cells from 7 healthy male 

volunteers were stored in ADSOL (adenine, glucose, mannitol, and sodium 

chloride solution) at 4C for various periods: the red blood cells from one 

volunteer were stored for 35 days; red blood cells from 3 volunteers were stored 

for 42 days; and red blood cells from 3 other volunteers were stored for 49 days. 

A 100 ml aliquot was removed from each unit for in vitro and in vivo survival 

measurements. The remainder of the unit was biochemically modified with 

pyruvate, inosine, phosphate, and adenine (PIPA) solution, frozen with 40% W/V 

glycerol using a double centrifugation procedure and stored at -80C for 84 to 

309 days. After thawing and washing, the previously frozen red blood cells were 

stored at 4C for 24 hours prior to in vitro and in vivo testing. 

CPD-ADSOL red blood cells stored at 4C for up to 42 days, biochemically 

treated with PIPA solution, frozen, thawed, washed, and stored at 4C for 24- 

hours exhibited a mean in vitro recovery value of 83%, a mean 24 hour 

posttransfusion survival value of 72%, improved oxygen transport function, and 

only minimal residual hemolysis. CPD-ADSOL red blood cells treated in an 

identical manner except for a 49-day liquid storage period had a mean in vitro 

recovery value of only 73% and a mean 24-hour posttransfusion survival value of 



only 61%, but ATP, DPG, P50 levels and the level of residual hemolysis were 

satisfactory. Our data show that 42-days is the maximum period that red blood 

cells can be stored in CPD-ADSOL solution at 4C and have satisfactory in vitro 

recovery and in vivo survival results following biochemical treatment with PIPA 

solution, freezing, thawing, washing, and post-wash storage at 4C for 24-hours. 



INTRODUCTION: The Bureau of Biologies of the Food and Drug Administration 

has approved the rejuvenating and freezing of indated and outdated red blood 

cells after storage in the citrate-phosphate-dextrose (CPD) anticoagulant or in the 

citrate-phosphate-dextrose anticoagulant supplemented with 17.3 mg of adenine 

(CPDA-1). CPD red blood cells can be stored as whole blood or as red blood 

cells at 4C for as long as 28 days, biochemically modified with a solution 

containing pyruvate, inosine, phosphate, and adenine (PIPA), frozen with 40% 

W/V glycerol and stored at -80C for as long as 10 years, and after thawing and 

washing can be stored at 4C for 24-hours prior to transfusion.   ^ When the 

CPDA-1 anticoagulant is used, the red blood cells can be stored as whole blood 

or as red blood cell concentrates at 4C for as long as 38 days before 

biochemical modification and freeze-preservation.   ® When CPD or CPDA-1 

collected red blood cells are stored at 4C for less than 2 weeks, the rejuventation 

process increases the red cell 2,3 DPG level to 250% of normal and the ATP 

level to 170% of normal: these levels are maintained throughout freezing, 

thawing, washing, and post-wash storage at +4C for 24 hours. CPD red blood 

cells stored at 4C for more than 14 days but less than 28 days and CPDA-1 red 

blood cells stored at 4C for more than 14 days but less than 38 days before 



biochemical modification exihibit 150% of normal 2,3 DPG and ATP levels 

following the freeze-thaw-wash procedure and storage at 4C for 24-hours 3>8'9 

Conflicting data have been reported regarding the safe shelf life of CPD- 

ADSOL red blood cells at 4C.1 °"12   Heaton and associates 1 ° reported 24-hour 

posttransfusion survival values of 70% or greater for CPD-ADSOL red blood cells 

stored at 4C for 56 days. In 1982, the FDA approved the storage of CPD-ADSOL 

red blood cells at 4C for 49-days.   At the request of the ARC Northeast Division, 

the Naval Blood Research Laboratory undertook a study to evaluate the 24-hour 

posttransfusion survival of red cells stored in ADSOL at 4C for 49 days, 

rejuvenated with the PIPA solution, frozen with 40% WW glycerol, and after 

thawing and washing stored at 4C for 24-hours. We found unacceptable 24-hour 

posttransfusion survival values in these red blood cells. In a subsequent study, 

we evaluated the 24-hour posttransfusion survival of CPD-ADSOL red blood cells 

stored at 4C for 35, 42, and 49 days.11 -12 After 35 days of storage at 4C, 24 

hour posttransfusion survival values were 75%; after 42 days the values were 

71%; and after 49 days the values were 57%.11''12   In 1986, the Bureau of 

Biologies Division of the FDA reversed their ruling and reduced the approved 4C 

storage time for CPD-ADSOL red blood cells from 49 days to 42 days. 



In the study reported here in which we evaluated CPD-ADSOL red blood cells 

stored at 4C for as long as 49 days, biochemically modified with the PIPA 

solution, and frozen with 40% W/V glycerol, we found that a storage period for as 

long as 42 days produced satisfactory results. 



MATERIAL AND METHODS: The protocols were reviewed and approved by the 

Institutional Review Board at Boston University School of Medicine. The seven 

healthy male volunteers signed informed consent forms for participation in the 

autotransfusion study to measure the survival of liquid preserved and previously 

frozen red blood cells. 

A 450 ml volume of blood was collected from each healthy male volunteer 

into a 63 ml volume of CPD anticoagulant. After storage at room temperature for 

up to 4 hours, the blood was centrifuged at 2500 rpm (1615 X g) in a refrigerated 

centrifuge maintained at 22 + 2C for 4 minutes. The platelet-rich plasma was 

removed, and a platelet concentrate and platelet poor plasma were prepared. 

The red blood cell concentrate was resuspended in a 100 ml volume of ADSOL 

solution, containing 27 milligrams of adenine, 2,200 milligrams of glucose, 750 

milligrams of mannitol, and 900 milligrams of sodium chloride, and was stored in 

this solution at 4C for as long as 49 days.12 

Following biochemical modification, the ADSOL preserved red blood cells 

were transferred to a special plastic bag system (Fenwal 4R2986) that consisted 

of a 600 ml dry Polyvinylchloride (PVC) (PL-146) plastic bag integrally attached to 

a 1000 ml dry PL-146 PVC plastic bag with two integrally attached adaptor ports 



on the tubing connecting the two plastic bags (Figure 1). A 50 ml volume of PIPA 

solution (PIPA Laboratories, Boston, MA) containing 0.54 g pyruvate (100 

mmol/l), 1.315 g inosine (100 mmol/l), 0.3 g adenine (5 mmol/l), 0.20 g sodium 

phosphate (monobasic) and 0.50 g sodium phosphate (dibasic) (100 mmol/l), 

pH 6.8-7.2, osmolality 500 mOsm/kg H20) was added to the ADSOL-preserved 

red cells, and the mixture was incubated at 37C for 1 hour in a double overwrap 

plastic container to prevent wetting of the collection bag (Figure 2). The red cell- 

PIPA mixture was then centrifuged at 3532 X g (3700 rpm) in a 22C refrigerated 

centrifuge for 5 minutes to remove the supernatant solution (Figure 3). The red 

cells were glycerolized to a final concentration of 40% W/V, and were then 

centrifuged again at 22C at 1248 X g (2200 rpm) in a refrigerated centrifuge for 8 

minutes to remove the supernatant glycerol solution (Figures 4 and 5). The red 

cell concentrate was then frozen in the 1000 ml PVC PL-146 plastic bag (Figure 

6). 

A water bath maintained at 42C was used to thaw the glycerol-frozen red 

blood cells, and a Haemonetics 115 Blood Cell Processor (using 50 ml or 150 ml 

of 12% sodium chloride and 1.5 liters of 0.9% sodium chloride-0.2% glucose 

solution) was used for post-thaw washing. With the double centrifugation 



procedure used for in vivo studies, the supernatant glycerol was removed prior 

to freezing, and only 50 ml of 12% NaCI was used for dilution of the thawed red 

blood cells. With the single centrifugation procedure used for in vitro studies, the 

supernatant glycerol was not removed before freezing and 150 ml of 12% NaCI 

was necessary for dilution of the thawed red blood cells. The washed red cells 

were stored at 4C for 24-hours. In vitro studies were done to compare the single 

and double centrifugation procedures. 

CPD-ADSOL red blood cells were stored as liquid-preserved red blood cells 

for as long as 49-days, biochemically modified, and frozen with glycerol at -80C. 

A 450 ml volume of blood was collected from each volunteer into 63 ml of 

citrate-phosphate dextrose (CPD) anticoagulant. The blood was stored at room 

temperature for as long as 4 hours, and a red cell concentrate and platelet-rich 

plasma were prepared. The ADSOL solution was added to the red cell 

concentrate, and the red cells were stored at 4C for 35, 42 or 43, or 49 days. 

The 450 ml unit from one volunteer was stored at 4C for 35 days, a 100 ml 

volume of red cells was removed, and in vitro tests were done. The remaining 

350 ml volume of red blood cells was biochemically modified with PIPA solution 

(PIPA Laboratories-Roslindale, MA), frozen with 40% WA/ glycerol and stored at 
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-80 C for 162 days. The red blood cells were thawed, washed and stored at 4C 

for 24 hours. Measurements were made of the 24 hour posttransfusion survival, 

freeze-thaw and freeze-thaw-wash recovery values, supernatant hemoglobin and 

the index of therapeutic effectiveness. 

The 24-hour posttransfusion survival was measured using 51 Cr (ER Squibb 

& Sons, New Brunswick, NJ) to label the liquid preserved red blood cells.17 The 

volunteer's plasma volume was measured using 1^l albumin (Mallinckrodt 

Diagnostics, St Louis, MO); the red blood cell volume was estimated from the 

plasma volume and the total body hematocrit determined from the peripheral 

venous hematocrit multiplied by 0.89.11,12,17,18 

The 450 ml units from 3 other volunteers were stored in ADSOL for 42 days. 

A 100 ml volume was removed for in vitro and in vivo testing. The 350 ml 

remaining volume was biochemically modified, frozen with 40% WA/ glycerol at 

-80C and stored for 92 to 260 days. After thawing and washing, the units were 

stored at 4C for as long as 24- hours prior to autotransfusion. 

The 450 ml units from another 3 volunteers were stored in ADSOL for 49 days. 

A 100 ml volume was removed for in vitro and in vivo testing. The remaining 350 

ml volume was biochemically modified, frozen with glycerol, and stored at -80C 
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from 84 to 309 days. After thawing and washing, the unit was stored at 4C for 

24-hours prior to autotransfusion. 

Sterility Testina: On the day the previously frozen red blood cells were washed, 

sheep blood agar and peptone broth was used to do aerobic cultures, and 

peptone broth was used to do anaerobic cultures. The red blood cells were 

stored at 4 +. 2C for 1 week and recultured. Repeat cultures were performed 

weekly throughout 6 weeks of storage at 22C. 

In Vitro and In Vivo Measurements: Red cell recovery in the previously frozen red 

blood cells was measured after thawing and after washing. On the day of 

washing and after post-wash storage at 4C for 24-hours, measurements were 

made of supernatant hemoglobin, red cell p50, red cell adenosine triphosphate 

(ATP, uM/g Hb), and 2,3 diphosphoglycerate (2,3 DPG, uM/g Hb). Red cell ATP 

and 2,3 DPG were measured fluorometrically.13'14 Supernatant hemoglobin 

(mg/dl) was measured by the Blakney and Dinwoodie procedure.15   Following 

resuspension of the washed red blood cells in a phosphate buffer solution, pH 

7.2, at a temperature of 37C and a pC02 tension of 0 torr, the red cell p50 value 

was measured (Hemoscan Oxygen Dissociation Analyzer, Travenol Laboratories, 

Deerfield, IL) by the method of Dennis et 
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al.16 The p02 tension at which 50 percent of the hemoglobin was saturated with 

oxygen is reported as the P50 value in torr. 

Following the autotransfusion of 10 ml aliquots of51 Cr-labeled liquid 

preserved and washed previously frozen red cells, a double isotope procedure 

was used to measure in vivo survival.17 Red cell volume was estimated from the 

125l-albumin plasma volume and the total body hematocrit (peripheral venous 

hematocrit multiplied by 0.89).17,18 
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RESULTS: Sterility tests showed no bacteriologic contamination. No container 

breakage was observed. 

Table 1 reports the results of the autotransfusion of ADSOL liquid-preserved 

red blood cells and red blood cells that had been rejuvenated and 

cryopreserved: thirty-five-day-old ADSOL liquid preserved red blood cells 

exhibited a mean 24-hour posttransfusion survival value of 83%; 42-day-old 

ADSOL red blood cells had a mean 24-hour posttransfusion survival value of 

71 %; and 49-day-old ADSOL red blood cells had a mean 24-hour 

posttransfusion survival value of 54%. 

When 42-day-old ADSOL red blood cells that had been rejuvenated and 

cryopreserved were stored at at 4C after post-thaw washing for as long as 24- 

hours, they exhibited a freeze-thaw-wash recovery value of 83% and a 24-hour 

posttransfusion survival of 72%. Forty-nine-day-old ADSOL rejuvenated- 

cryopreserved red blood cells had freeze-thaw-wash recovery values of 73% and 

24-hour posttransfusion survival values of 61% after post-wash storage at 4C for 

24 hours. 

When 35-day-old ADSOL rejuvenated red blood cells were prepared using 

the double centrifugation procedure in which the supernatant glycerol is removed 
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prior to freezing, the freeze-thaw-wash recovery value was 91% compared to 

95% with the single centrifugation procedure in which the rejuvenated red blood 

cells were frozen with the supernatant glycerol (Table 2A). When 49 day-old 

ADSOL rejuvenated red blood cells were prepared by the double centrifugation 

procedure, the freeze-thaw-wash recovery value was 82% compared to 90% with 

the single centrifugation procedure (Table 2B). Although the freeze-thaw-wash 

recovery value was significantly lower (p<0.05) with the double centrifugation 

procedure, the value was still acceptable (greater than 80%). 

Tables 3, 4, and 5 report the red cell 2,3 DPG, ATP, and p50 values for red 

cells stored in ADSOL at 4C for 35, 42, or 49 days. The rejuvenated previously 

frozen red blood cells had 2,3 DPG levels 150 to 200% of normal on the day of 

washing and after post-wash storage at +4C for 24 hours (Table 3) and ATP 

levels 200% of normal both on the day of washing and after post-wash storage at 

4C for 24 hours. 

Following storage at 4C for 35, 42, or 49 days, ADSOL preserved red blood 

cells exihibited significantly reduced p50 values. After the rejuvenation process 

and after the freeze-thaw-wash procedure and post-wash storage at 4C for 24 

hours these red blood cells had increased 2,3 DPG, ATP, and p50 values. 
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DISCUSSION: Previous studies have been done to determine how effectively the 

CPD and CPDA-1 anticoagulant preservative solutions preserve red blood cells 

during liquid storage at 4C and to determine whether biochemical modification of 

the stored red blood cells with the PIPA rejuvenation solution improves their 

quality.1*9  Our data indicate that CPD red blood cell concentrates can be 

stored at 4C for 28 days and CPDA-1 red blood cell concentrates can be stored 

at 4C for as long as 38 days, biochemically modified, frozen with 40 % W/V 

glycerol at -80 C, thawed and washed, and stored at 4C for 24-hours with 

acceptable results.'~9 These red blood cells were found to have greater than 

85% in vitro red blood cell recovery, normal or improved oxygen transport 

function, less than 0.5% hemolysis, and 24-hour posttransfusion survival values 

of 70% or greater. 

In the study reported here, red blood cells collected into CPD-ADSOL 

solution (containing adenine, glucose, mannitol and sodium chloride) were 

stored at 4C for as long as 49 days. CPD-ADSOL red blood cells stored at 4C 

for up to 42 days, biochemically modified, frozen with 40% W/V glycerol, thawed 

and washed, and stored in a sodium chloride glucose solution at 4C for 24-hours 

exhibited red cell in vitro recovery values of 83% and 24 hour posttransfusion 
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survival values of 70%, with improved oxygen transport function and minimal 

hemolysis. 

When the CPD-ADSOL preserved red blood cells were stored at 4C for up to 

49 days, biochemically modified, frozen with 40% W/V glycerol, thawed and 

washed, and stored at 4C for 24-hours, the red cell recovery values in vitro were 

only 73% and 24-hour posttransfusion survival values only 61%. These red blood 

cells exhibited increased red blood cell 2,3 DPG, ATP, and p50 levels and 

minimal hemolysis both on the day of washing and after post-wash storage at 

4C for 24-hours. The findings of a combination of satisfactory in vitro 

measurements and poor 24-hour posttransfusion survival values underscore the 

importance of measuring in vivo survival and not relying on in vitro 

measurements to evaluate the quality of preserved red blood cells.   Our studies 

indicate that the best way to measure in vivo survival is to use ^ -Chromium to 

label the preserved red blood cells and 12^l-albumin to measure the plasma 

volume. In a healthy male volunteer, red blood cell volume can be accurately 

estimated from the 125l albumin plasma volume and the total body hematocrit 

(peripheral venous hematocrit multiplied by 0.89).11,17''1^ Our data and 

those of Button and associates 19 support approval by the FDA of the 
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rejuvenation of ADSOL red blood cells after storage at 4C for as long as 42-days, 

freezing and storage with 40% W/V glycerol at -80C and post-thaw storage at 4C 

for 24-hours prior to transfusion. 



CO 

HI 
_l 
m 

o 

OC>UJ 

ULQC< 

owP 

zto2 
UJS2 
NO-J 
gone 
ES£ 

<z 

So 
xz  . 

Pi 
cf>0 

LLjZU. 
EJNUJ 

(O 

a 
LU 

Z 
LU 
> 
ID 
-1 
LU 
DC 

(/> 

Q 
O) 
«a- 
O 

w 
CO 
DC 
o 
o 

D 
LU 
DC 
O 
h- 
CO 
(0 
-I 
-I 
111 
o 
Q 
O 
o 
-I 
m 
Q 
LU 
DC 

D 
LU 
> 
DC 
LU 
CO 
LU 
DC a 
_J 
O 
to 
Q 
< 

2<o 

z< 
üg 

LU 
LU m 

§E Q
o 

i 
§LU 

cog 

QLU 

§£ 
co£ 

u 
ft H 
O EH 

Ö 
X H 
H ft 

» C§ 
H H 

« 

X «-' 
PS 
W O 
> « 
O EH 
U H 
W > 

(0 
to 
H 
» 
H *■» 
> <X> 
H «- 
EH 
O 
W 
ft 
ft 
H 

H CO 
N rt 
W £ 
H   I 
05 £ ftg 

EH 
W 
N 
U » 
H < 
« X 
ft EH 

U 
H 

X 
EH 

EH 
to 
O 
ft 

X 
to 

X o\» » 
en 
B ^> 

<■* to o 
ft 

n 

EH 
ft 
D 
to 

X 
to w 

to o 
ft 

to 

4 a w 
a* 
ft 

o to 

o 
to CJ 

u 
% o 
eq oo 
ft  l 

N 
ft 

o 

CO 

in 
n 

Cl 
• 1  n 

r) 1 
VD 1  m 

in 

01 

CO 

vo 

CO 

in 

CM 

CM 
VO 

in 

s 

Q    sC\j 
bq Cq 

P ^ 
EH tq 
CO 05 

t> 5   . 

^ a; 
i   i 

CO 

•** 

EH 

'a 
EH 
CO 

(M 
'if 

VD 

VD 

H 
CM 

in 

CM 

as 
o\ 

CM 

EH 

CO 

5 * 

Q5 C* 
P bq 
EH fel 
CO £ 

SO 
^ Q5 
I   t 
< OQ 

o 
H 

EH (N 

CM in 
• • 

VO 0i 
in VD 

CM fM 

<J\ 
• • • 

r\] in r- 
CTl CTi 01 

'S- 

CO CO to 
5 05       .   < 

EH 

"    CO 

EH CNJ 

05 tsi 
P bq 
EH fc| 
CO 05 

«< 

H > fc) 
CD 5 05 
Ob p 
H fc| EH 
q 05 CO 
I     I 

CO 

o 

VD 
r» 
r- 

f>0 

CM 

o 
VO 
CM 

CM 

EH 

EH 
CO 

s 

a 

EH 

. CO 
fe o; 

fe O r EH ^J- 
Q    v 
bq Ctq Cj 
Q5 fc^ ■* p to 

, bq 
.. .3 05 
Ob O 
H fe| EH 
q 05 CO 
I    I 

«S cq 

«-H. 

O 

H  VD 
1^ 

2 tQ 
H 
X 

o 

< o 
n 

I 
CM 

r^ vo 
* • 

0^ CO 
in 

• • • O CM 
C\ o\ o . • 
r* r» 01 n vo 

CO 

CO  Tf 

in CM 
01 

CM  «3- 

r- o 
in vo 

in CM 

o in 
in o\ 

2 to 
a 



o  ft to 
o to 

R
8
4
T

 
IV

A
LS

 
:F

O
R

I fa H W 
O EH Z 1 VO l •tf 1 in i CM H 

O H 1 • 1 • 1 • i •           ■ 

X H > H 1 *r l VD 1 >* i in o\ 
HPtHdf in n «s« *t 

U.QCO 
e 3 * *■* 2 2 o 

ü3$ 
owg 

H W W 
» fa 
EH fa 

W 

^üS5 « 
<WI H tQ 1 

1 
in 1 

1 • 
1 
1 

VD 
• 

i CO !>• 
•       • 

zwJ2 — W * 1 H l CO 1 cn i n vo 
UJ3? >» <K> H   1 CO VO VO r» 

:R
O

Z
 

O
G

O
! 

S
T-

W
 

PS *"PS * 
W       fa « > O       3 
O PS       EH 

"--JO O EH H 1 tn 1 «a- 1 o i VO CO 

D
, 

A
N

D
 

A
U

TO
 

A
N

D
 P

i W HN 
PS > W & 

1 
1 

• 
CM 

l 
l 

• 
o 

1 
1 

• 
VD 

i 
i 

•       • 
CTI in 

W < 
S5 PS « 

O) CO 0^ CO 

H fa EH 

EN
A

TE
 

S
H

E
D

. 
iH

IN
G

, 

G\ PS » - 
H X - 

1   X J o r» (M M 0> ^f ■* O        H CO 
5. **"i -»EH< VO VD rf If) If) VD m H        VO 

EH H 
PS to > 
U O PS 
H fa D 
tn      to 

5s"S <^< « PS 
•^ Q^T n     to K 1 H 1 CM 1 n I in o 

z o 3 
49

! 
TH

A
1 

IG
, 

Tl
 

U
R

S
. 

SB o\° * eg 
CP 

EH B H 

1 CO 1 vo 
rH 

1 r- I O it 
H 

UJ 
-J 
m 

HUi±0 

OMILO 

S
U

P
 

S
H

   
   

   
   

( 
E

  
  
  
  

P
O

S
 

)  
   

   
  O

H
R

 

1 
1 tn 

1 
1 

CM 
CM 

1 
1 

i 
I 

vo n 

S 

D 
A

T 
4C

 F
 

IO
N
 P

R
O

( 
N
 A

FT
E

R
 T K O to 1 <* 1 ^ 1 *r 

O
S

T
-W

 
S

T
O

R
A

 
C

   
 (

H
R

 

1 CM 1 (M 1 fM 

fa      v 

TO
R

E
I 

U
G

A
T 

A
G

A
I 

1 G\ 1 G\ 1 •>* l <3" t^ 

» o 
1 
1 fM 

1 
1 

O 
n 

1 
1 

CO i 
I 

rH  H 
CM  H 

tO        N 00 - 
C/)U_0 X        fa   1 

<HZ< 
< a w    o C\ Oi <J\ a\ 0> C\ 

PS N V *tf ^ ^ <r f f 
HZüJ fa fa 
UJW/IJ 

QUIü: 
? , in £n •• ••           ••   •• 
CQ CO 
< OS 

w to 
< ft; J3 to 

ft; % 
a    2 Q 
to     «to OdO O fe ti üiü CJ fe Ö w w 

D
B

L
O

 
D

O
U

E
 

JI
D

S
T

 

** vO ^ vO ^J1 s o X s 
EH§* 
<  IE  TJ- 

EH*** 
< te «»> 

En ^ 

EH CN E-I «N EH CM 

OCX — 
Q V Q V Q s Q 
bq bq Cj bq fc) O fc| fcl CJ W 

5£i 05 N ^ ft; tsj x}- ft; tS! ^ PS 
O &) O &) O fci o 

ujOffj ^S *J EH 6q EH EH Cd EH EH ^^w to ft; *S to ft; «J; to ft; «i W 

IE
S

E
R

' 
S 

U
S

II 
IE

 A
FT

 

b, b, bn 
Q vQ Q sQ Q s Q D 
H ££ H 

t> ^^ t> fe a; 
H 

2 
Ob P Ob O Ob O O w 

itj^ PS H bq EH H bq EH H bq EH H SI a<o w •-S- ft; to ^ ft Co ^ ft; to a O 

S
O

L
 

30
9 

D 
R

E
D

 w 
EH 

1    I 1    1 1   1 

< 
D 

D      UJ h3 <-H «s C3 

<      £ o 
> 1       H 



o 
CM 

< 
CM 
LU 
_i 
m 

CM 

üg 

i_ re *-* 

LUO 

D< 
UJÜ 
>3 
(EU. 

HI? Kg 

<o o 

I 
f* 01 m t» if) *r 01 n 1-1 01 

l 
in 01 n <N r» 

eo r> 

1 
00 in ■*■ 01 vo 

.   . H   • • 
no      CM «* 

l 
o in <j > «r 

.   . H   •   •" 

x     » Ü 
«     1 fe 
H          &4 H 
>~ 1 C<1 
O <fc° fa ^ O ~ Kl 
H on 
tt       Ei fe« 

fa fc) 
05 
0 
fe. 
&) 
CQ 

9 
H 

to 

VD O 
m 

in r» 
m M 

1 
H n r> 01 f 

r- o 

g 
I 
O 

fe 
O 
H 
EH 
< 

H 

CQ 

O 

CM 'S- 
m 

I 
r» oi n f» in 

vo o n 
H tn 
H 

in H 

r- co 

l 
01 m 

H  f*1  CO  01  ^" 

01 

ru r^ n 
•       • 

01 

00 01 

l 
01 H 

• • 
*• 01 
01 01 

VO o in r- 

G 

a« 

fe; 
o 
H 
EM 

t) 
fe, 
H 
OS 
E-. 

fel 

8 
fe 
H 
co 

1 
r- *}■ n r» r^ 
in in      01 (N 

01 o m  1 

r- 01 n in co 
•       • •       • 

01 01 01 

01 r^ n H <* 
• • • • 

CO O CO 01 
01 01 01 

§Q a W 
to O 

w z 
SB 3 

to 
S5 

to 

fe; 
O 
H 
EH 
«S 
U 
& 

H 

g 
1 
H 
CO 

8 
to 

§ 
8 

H 

2 
l 

fe 
§ 

■P 
G 
* 
0 

•H 
*H 
•H 
c 
o> 

•H 
CQ 

+> 
O 

CO 



*~D 

I 
"* in <# CN vo 

•       • •       • 
CO CN        VO rH 
rH H CN 

I 
CN CO ON <N If) 

CO H in o 
en <* 

l 
in vo ON CN in 

o CN) 

I 
I 
l 

CO  CN 

I 
n ON vo r* r* 

n 
co CN 
CN «* 

H  CM r~ in 

CO 

CO 

I 
in a\ n rv) r» 

•   • H   • • 
con      ** H 
CN           CN n 

co M o m co 
.     . H     •     • 

in H      n vo 

l 
VO O CTt »tf O 

vo H     in co 
CO 

CM 
I 

H  CN  O  C) CN 
•     • H     . • 

t^ t-H     in ON 

in o o n m 
•     •  rH     •     • 

t^  H VO  ON 
co 

m 
CM 

LU 
_J 
CD 

t 

ÖCO 

OIW 

I 
M* r>] vo O vo 

•        • • • 
CN)  O CN] (N 

co in xj- ON vo 
.     . H     • • 

MO CN «3" 

I 
H  H  VO  O CM 

•           •                        • t 

o o     o o 

o in «* r^ •* 
•      •  rH      •      • 

n CN      ON r» 

DAW 
CO      O 

I 
o\ vo o in vo 

•      •  rH      •     • 
co ro       no 
rH rH  CN] 

r» n o rH in 

o CN]      vo r> 
CN HM 

1 
O 

a, 
SB 
O 
H 
EH 

?! 
a 

8 
tu 
-H 

g 
o 

n H co 
vo co 
H 

CO  'S1  CO 
CO vo 

<* in m 
•       • 

CN]  ON 
CO 

I 

r» CN 
n 

ON n 

ON «a- 

co ON 

co co n 
• • 

in (N 
ON 

I 
0> H 

• • 
<tf ON 
ON ON 

H 
x 

Q 2 
CO 

I 
CO ON O CO H 

.     . H     • • 
r»   rH          "* H 
H                rH CN 

I 
rH  CN  O  O M 

ON 

&3 

§ 
§ 
o 
a, 

o 
H 
EH 

ID 

b< 
H 

g 
I 
bq 

H 
to 

r- H 
rH  CN 

in o> n 
n n H 

o co r^ 
VO CN H 

I 
in CN 
VO H 

CN 

I 
t CN 
CN CN] 

VO  H P»  rH in 

ON  t- 
CO 

H ON > 
•     • H 

ON 

ON VO 
VO ON 

I 
n n 
CN ON 
ON o\ 

a 

.. .. W 
Q S3 Ü 
CO       2 

§ 
H 
EH 

tD 
b, 
H 

I 
8 
S5 
H 
CO 

8 
to 

8 
bq 

H 

I 

§ 

CO 
S5 

CO 
S5 

CO 

in 
o 

• 
o 
V 

CO 

■p 
c 
id 
o 

•H 
•M 
•H 
c 

•H 
CO 

•P 
O 
» 

CO 



CO 

UJ 
-I 
m 

LLIO 
>UJ 

°£ 

Ow 
•-o 
°<* 
OCoo 
Ooc 

ÜU-OC 
«Q3 

<0CI 
ZOTt 

BOO 
-jZu. 
o<o 
-1 = 1- 

<ncc 

-oc2 

^< 

BP 

oü 

m-J 

^O 
CQ 
SElU 
-J£ 
uj •— 
>(3 ai 
00 
coo 
c\T°? 
UJI- 
K 
I- 

CQ 

O 
H 

K O 

H 
«.« 

S5 M 
H < 
N !S 
O 
PS fe fe o 

D < 
W O 
EH 

g 
H 

& 
W 
PS 

Q 
W 
« CO 
O EH 
EH H 
CO Z 

D 
ü 

H       U 
O W 55 
< tu 
« O N 

» H 
n PS 

o 
CO 

O 

S co 
CO EH 
W H 
PS 2 

f» I 
• I 

r> I 
H 

Honeoa CN r* n Tt- co 

M in VO VO 
H fM 

r- H     in co 
H r-l H 

I 

•    I 
O    I 

(N (MW O >* 

OO OO 

H  O  C>0    I 

O O 

in 
to 

IT) 

1 
vo m 0 r* r> 

(N n cn er» 

CO       O 
H Z £ 2 

55 Q Z W 
8 co     o 
U 2 
a 3 

w 
as 

D Z 
CO 

tu a ~ 
n « 



n 
CM 

LU 
-J 
m 

HO <z 
z< 

Eg 
öS 

§§ 
UJQ 

l| 
UJ < 

s§ 
«* o> 
Oco 
»-o 

QCoo 
Pocco 
ÜU.3 

K-ll|X 

ZOw 

OH; DC 

J2U o<* 
_JCC< 
ODQ 

OLÜQC 
<o$ 
zOh 
-0C</> 
DDL 

H 
_|U- 

Of 
QZ 

o° 
-ILU 
DQ-J 

s| 
— ui 
-IX 
ÜJH- 

Q.C7) 

*5 
Uo X» 

o 
2 
H 
w 

tQ CO 

D PS 
H 

O H 
W fa 

» CO 
► PS 

W 
« 

H CM 
N 
O 
PS 
fa o 

S! 

Q « 
H CO 

H 
PS 

H   I 
I 

r-  I 

■>* VO CM O) CO 

r-» o      vo t- 

o\ r» CM o co 

I I 

•    I 
co vo CM n CM 

a 
w 
PS CO 
o H 
H 
co 2 

Ö 
u 

W O 
CD W 2 
rt PS H 
«ON 
O fa H 
HUH 
CO n PS 

fa o 

Ä CO 
CO fri 
W H 
PS 2 
fa D 

I I 
en l 

• I 
CM I 

o H n co o 
CM <H  on 

CM ">* CM O IT) 

HO   rH rH 

CO 

Q 

l 
in in CM r» ■<* 

to 

Q 

CM 

n o CM "3- 

2 Q 2 W 
3 CO  CD 
pa 2 
s 53 

2 Q 2 W 
3 co  ui 
W 2 
s 5? 

Q 2 W 
CO  CD w 

2 

fa 

« 
PS 

S 



in 
ui 
_j 
m 

gf 
"■5 
LU ^ 
l-O 
<2 
Z< 

!2UJ 3g 
UJ< 
OCX 

*s 
p8 
kg 
ss 

Jo? 
2oN 

Ok-üC 
jrcoo 

>H 

20h 
-ccw 
Qo. 

Sl 
l-l- 

wo 
J3 
JLL 

ofE 
oz 
OUJ 
oü 
CQ_4 

ICO 
2° 
— tu 
UJI 

it 
oco 
ao 
I© 

O 
» 
H 
« 

CQ 03 
H <: s 
S « 

H 
Q EH 
W CM 
* 4 

3 CO 
H « 

» * 
z <* 
W M 
N 
o 
PS 
CM o a 
•■ H 

Q « 
W CO 
H < 
< * 
2 
W CM 

£° 
b 5* 
H < 
« O 

Q 
H 
tü CO 
O EH 
EH H 
CO 2 

D 
U 
"W 

w o 
VHS 

a PS H 
O tsi 

o CM W 
H W W 
to n « 

CM u 
*r 

« CO 
CO EH 
W H 
« 2 
CM & 

VD I 
• t 

CO I 
n 

H   I r** n m in CTI w^f n^ N 

H O rH H        VD in 

•   l 

n 

<j h n M IN in in n o o 

00  CN         VD  rH 

CO    I    H    I 
•    I I 

VD    I I 

I 
n in n ^ o» 

I 
in« (MH m 

^ r>j H in 
H H 

VD o VD  VD 

to co t0 
>H SH >H 

3 «S «S 
Q Q Q 

in <N 0\ 
rn ^ rt> 

vD in 
I 

o r>. r» 
H    • • 

in o 

S 
H 

Q % 
CO 

o *■» 
in o> 
PM « 

u g 
n E 



25 

LEGENDS TO FIGURES 

Figure 1. Red blood cell concentrate transferred to the 1000 ml Polyvinylchloride 

plastic bag. 

Figure 2. The addition of the 50 ml of the PIPA solution to the red blood cell 

concentrate in the 1000 ml PVC plastic bag. 

Figure 3. Following centrifugation of the red blood cells and PIPA solution, the 

supernatant plasma and PIPA solution is transferred from the 1000 ml PVC 

plastic bag to the 600 ml PVC plastic bag. 

Figure 4. The addition of the 6.2M glycerol solution to the red blood cell 

concentrate in the 1000 ml PVC plastic bag. 

Figure 5. Following centrifugation of the glycerolized red blood cells the 

supernatant solution is transferred from the 1000 ml PVC plastic bag to the 600 

ml PVC plastic bag. 

Figure 6. The folding of the 1000 ml PVC plastic bag containing the 

biochemically modified glycerol frozen red blood cell concentrate, the 

overwrapping of the 1000 ml folded plastic bag, and the placement of the 

overwrapped plastic bag in the cardboard box together with the provials. 
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